Control and treated beagle and random-source dog hearts obtained from 119 toxicological experiments were evaluated histologically to study the incidence and characteristics ofa microscopic inflammatory lesion specific to the extramural coronary arteries. The lesion occurred in 23% of the experiments. The incidence was 2.3% of the control and treated beagle hearts examined. In the control begales, it was present in 3.1% of males and 1.3% of females and in the treated beagles, in 1.8% males and 2.8% females. It occurred in 4.7% of the random-source animals. While not visible grossly, histologically, the solitary lesions were characterized by adventitial infiltrates of mononuclear cells, occasional areas of necrosis withinflammatory cell infiltrates occurring in the mural and subendothelial regions. The latterresuited in prominent separation of the intima from the media. The lesions occurred in the right and left coronary arteries and in the dorsal, circumflex and ventral descending branches of the left coronary artery. Similar vascular lesions were not found in the intramural coronary vessels or in other organs in the affected animals. Expanded sampling of the extramural coronary arteries revealed an incidence of 5-9%. This lesion of focal extramural coronary arteritis was considered idiopathic, and not a manifestation of recently reported polyarteritis syndromes in dogs.
INTRODUCTION
In 1965, concern over a solitary lesion of focal subacute extramural coronary arteritis found in a chemically exposed beagle dog prompted prospective investigations to determine if this lesion was naturally occurring or possibly treatment related. The extramural coronary vessels were systematically examined using three levels of thoroughness to characterize the frequency and pattern of occurrence in positive animals. Additional positive cases were detected in control and treated beagle and mongrel hearts.
Only a single brief mention of this lesion was found in the 1974 literature in which an incidence ofless than 1% was noted in beagle dogs (16) .
Several extensive surveys concerned with canine heart disease in older animals and reports of experimentally produced canine coronary arteritis (5, 6, 29, 34, 35) do not mention this type of lesion,
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Presented at the Toxicology Forum inAspen, Colorado, July 9-11, 1987. 2 Reprinted with permission from Hartman: Vet. Patho/. 24: 537-544, 1987. nor has it been emphasized or considered site-specific,in recent reports concerning disseminated vasculitis in beagle dogs (3, 12-15, 20, 26-28) .
METHODS
The data reported herein were derived from examinations of 1905 male and female beagle hearts collected at the termination of 116 routine toxicological studies of 2 weeks to 6 months duration. Additionally, 127 male mongrel dog hearts were collected at the termination of 1 day, acute, cardiovascular pharmacological studies of less than 6 hr duration. These hearts were studied to determine if the lesion could be detected in strains of dogs other than beagles (Table I) .
The beagles were obtained from one commercial supplier of research animals from 1965 to 1970 and from a second during 1971 to 1986. Before experimental use, all animals were acclimated to the Sandoz Hanover AAALAC accredited facilities for 1 month or more. The animals had been immunized for distemper, hepatitis, and leptospirosis and for parvovirus beginning in 1979. The beagles were 8-to l5-months-01d and weighed 8 to 17 kg. The mature young adult mongrel dogs weighed were 8 to 12 kg. 
Microscopic Features
Although acute and chronic stages of the extramural coronary artery lesion were detected, the stage most frequently encountered was subacute in nature. It was characterized by various amounts of adventitial infiltration by lymphocytes and macrophages (Figs. 2, 3), mural degeneration, intimal elevation by inflammatory cells and connective tissue (Figs. [3] [4] [5] and occasional breaks in the internal elastic membrane (Fig. 5 ).
The adventitial infiltrates appeared either as conspicuous thick clusters of cells often encircling the vessel or as irregular collections of a few cells ( Fig.  4 ). If not present in the original section, serial sections usually revealed additional evidence of vascular damage involving the intimal and mural regions.
Mural degeneration included evidence of hypertrophic smooth muscle nuclei and vacuolated smooth muscle cytoplasm. Mural infiltrates of mixed cells including neutrophils, lymphocytes, and monocytes were frequent. Pyknotic and karyorrhectic nuclear changes were commonly seen in infiltrating inflammatory cells ( Fig. 5 ).
In those lesions considered acute, the lesions ap-CB
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Sampling Sites RCA to apn ,," DIB I RCA Euthanasia was performed by exsanguination following induction of deep surgical anesthesia. The hearts were promptly removed and preserved by immersion in 10% neutral buffered formalin. Routinely, paraffin embedded specimens were sectioned at 5 J.L and hematoxylin and eosin stain (H&E) was used. Selected lesions were serially sectioned. Verhoeff's elastica and periodic acid-Schiff(PAS) stains were occasionally used to evaluate the integrity of the internal elastic membrane the mural components (34) .
The followingsummarizes the approximate number of sections examined ofthe principal extramural vessels with each technique (Fig. 1 ).
One of 3 sampling techniques was performed on each heart. Specimens were collected from specific anatomic locations and carefully coded to allow accurate compilation of results (25) . The microscopic examinations evaluated myocardial tissue as well as multiple levels of the intramural and extramural coronary vessels. Initially a "complete" sampling technique was performed. Specimens were collected from 19 regions throughout the heart including approximately 14 levels of the extramural coronary vessels. As more cases of extramural coronary arteritis were found, the survey was expanded to include approximately 25 additional cross sections of the extramural coronary vessels. This exam was considered ("comprehensive"). Eventually, the third or "limited" sampling technique was adopted to monitor future studies. This examination was similar to that performed in routine toxicological evaluations. Portions of the right and the "dorsal and ventral descending branches of the left extramural coronary arteries were collected. Additionally, some positive cases in which the initial evaluations had either been of the "limited" or "complete" sample collection type, were further sampled to provide additional specimens to be comparable to the "complete" or "comprehensive" examinations. This was done to determine how frequently similar lesions were present elsewhere in the extramural vessels.
REsULTS

Clinical Observations
No evident EKG abnormalities were associated with the presence of this lesion in the positive animals. No correlations between concurrent disease (spontaneous or drug-induced) could be found in the positive animals.
Macroscopic Features
While no lesions were seen during examination of fresh specimens, on rare occasions, the coronary artery lesions were barely perceptible as discolored areas during detailed dissection of fixed specimens. peared confined to the mural and intimal regions with little or no evidence of adventitial infiltration. The intimal endothelium was often elevated and! or separated from the subendothelial tissues and internal elastic lamina chieflyby cellular infiltration or connective tissue proliferation (Figs. 2, 4 ). In some cases, edema seemed present. The intima was thick due principally to the increase in connective tissue stroma. These lesions were presumed to be chronic stages. Truly chronic lesions were detected rarely. These were characterized by abundant amounts of connective tissue present in the adventitia and intima in which few round cells remained. The lumen diameter was reduced but patent. In all cases studied, no evidence of endothelial damage or thrombosis was detected.
In only a few cases was there apparent occlusion of the-vessel lumen, and this appeared due to the prominent subendothelial connective tissue prolif-eration. Discontinuities and some splitting of the internal elastic membrane were not uncommon ( Fig.   5 ).
An interesting feature noted was the frequent association of the arteritis lesions at or near vessel branching. In some instances, the branches were equally affected. In others, while one contained lesions the adjacent branch was virtually unaffected (Fig. 2) .
General Incidence Data
The incidence ofextramural coronary arteritis detected microscopically increased 4-6 times as a result of an expanded thoroughness ofextramural artery sampling (Table II) . From this, it is obvious that expanded sampling revealed a more accurate definition of the actual incidence level in dogs and frequencies of lesions per heart. Beagles examined in a "limited" manner had an incidence range of 0.6-2.0%, by the "complete" method 4-7%, and with the "comprehensive" method 6-10%.
All variables considered, treatment appeared to have no effect on the spontaneous occurrence of these lesions. Using serial sections of lesions and examination of sequential levels of the major extramural coronary arteries, the typical lesion was found to be an isolated occurrence. If more than 1 coronary vascular lesion was present in an animal, they were not contiguous. Indeed, in 1 control animal, 10 distinctly separate lesions were detected using the comprehensive sampling technique (Table  III) .
Of the mongrels examined, cases were only detected by comprehensive sampling, the sample sizes were too small in the limited and complete groups. With adequate numbers in the comprehensive group, the occurrence of the lesion at a frequency similar to beagles was demonstrated (Table IV) .
Most of the beagles examined also received simultaneous thorough histopathologic evaluations of representative specimens from all tissues and or- gans. No evidence was detected to suggest that either other pathologic changes in the heart or similar vascular lesions had occurred in other organs which could be correlated with the occurrence ofthese extramural coronary artery lesions. Likewise, no evidence of similar vascular disease was detected elsewhere in the negative animals. No significant vascular lesions were detected in the intramural coronary vessels of the positive or negative hearts.
Overall, considering the sampling bias in the right coronary artery, it appeared that the distribution of lesions detected was relatively uniform throughout the extramural vascular tree without a site predilection (Table V) . The fact that the lesion was randomly occurring is also supported when considering the incidence as it occurred within the typical experiment which was usually composed of 1 control group and 3 treatment groups.
Within these positive studies, 80% had positive animals only in the treated groups, 12% in the controls only, and 20% in the controls and possibly a treatment group as well. In only 2 of the 26 positive studies were 3 positive animals detected (Table VI) . 
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Inapproximately 25%ofaffected animals, more than I lesion was found. In I control animal, 70 noncontiguous lesions were detected. 
DISCUSSION
Included among the 116 Sandoz beagle dog studies evaluated, 1 chemical series of 5 analogues was found to induce a high frequency offocal necrotizing arteritis both in the heart and in small caliber arteries located in organs elsewhere in the body (i.e., uterus, adrenal capsule, aortic adventitia, and lung, etc.). Conspicuous lesions were seen only in intramuralcoronary vessels in regions deep in the septum and ventricular walls-all distant from the site of the idiopathic lesion herein reported, i.e., the extramural coronary vessels. The frequency ofthe extramural spontaneous coronary artery lesion was not influenced by the administration of any member of this chemical series.
The unique restriction of the lesion herein reported to the extramural coronary arteries in the dog does not fit the pattern of disseminated lesions FlO. 5.-Conspicuous adventitial infiltrates, scattered foci of muralinfiltration, slight separation of endothelium from inner elastic membrane, and focal dissolution of inner elastic membrane. H&E. x 100. described in reported syndromes ofspontaneous arteritis in young dogs (13) (14) (15) 20, 27, 28, 30) . Whilẽ he findings noted in these syndromes may have meluded extramural coronary arteries as one of the sites affected, similar vascular lesions were also found to occur in scattered vessels throughout the organs of the affected animals. Likewise, patterns of vascular disease in dogs were typically widespread when related to immunologic and infectious causes (l0, 21); c.ases related to renal insufficiency (1, 4, 19) , expenmen.tal hype.rtension (34) , or thyroidectomy accompanied by high cholesterol diets (31) . In older animals, survey results revealed that the extramural coronary vessels were seldom affected in the presence ofdisease occurring elsewhere in the heart or in the intramural vessels (6, 7, 9, 18) . Some revealed an apparent lack of pathologic change iñ he extramural coronary vessels (5, 7, 8, 32) while mtramural vessels were affected when lesions consisting of chronic valvular fibrosis, myocardial necrosis, and fibrosis were present. Most available surveys of cardiovascular disease in dogs have reported primarily upon the incidence of lesions occurring in an older subject population in which the sample size ofyoung animals was usually quite small. In these studies, while mention of intramural vascular disease is made in older animals, the extramural vessels were spared from similar phenomena (5, 8, 11, 17, 18, 23, 24, 36, 37) . In older dogs, intramural not extramural, coronary artery disease has been reported in relation to coexisting lesions in the heart such as valvular fibrosis and myocardial infarction (22) .
The extramural coronary vessels do possess some obvious, possibly unusual differences from similar caliber vessels located elsewhere. They are rather loosely suspended in the coronary fat, i.e., lacking ofsupport in contrast to the intramural vessels which are closely invested by cardiac muscle. They are subjected to the constant contraction and rotational movements of the heart. Peculiar pressure gradients and/or fluctuations exist compared to vessels elsewhere because oftheir proximity to the aorta and contractile compressive effects present in the intramural vessels, i.e., a stop and go circulatory flowand fluctuating pressure levels related to myocardial contraction.
Only a few citations concerning abnormalities of the extramural coronary vessels in dogs have been found. In the 4-to 7-yr-old racing greyhound, differences in anatomic features (orientation ofsmooth muscle bundles) between the proxima11eft and right extramural coronary arteries have been related to the occurrence of intimal thickening (22) . Observations of intimal thickening in these arteries in dogs were also reported by R. Virchow 130 years earlier and considered preliminary to the development of atherosclerosis (33) . While this similarity of affected vessels is of comparative interest to the lesions reported herein, the difference in physical activity alone between racing greyhounds and caged beaglesis significant as wellas the histologic features of the lesions reported. CONCLUSION At present, while no relationship to a specificcause is known or at this time is speculated upon, factors such as anatomic and physiologicpeculiarities should be included in future deliberations (2) . There appears to be no relationship between this lesion and the lesions of the polyarteritis syndromes recently reported in beagle dogs. Comparable surveys from younger and older dog extramural coronary artery specimens should be undertaken to study the pathogenesis of this lesion. a Eleven% of studies had affected animals in control groupsonly. Eight% of studies had affected animals in control and in I or more treated groups. Eighty % of studies had affected animals only in treated groups.
